The accumulation of biogenic sediments in the deep ocean may yield important information about past ocean productivity and its relationship to climate change. Sediments, sampled at approximately millennial resolution, every 4 -5 cm on average, were obtained from a core (ML1208-17PC) retrieved from the Central Equatorial Pacific (CEP) ocean (0.48°N,156.45°W; water depth 2,926 m). The main objectives of this research were to (1) use barium concentrations in marine sediments as a proxy for past ocean export production, and to (2) determine how past glacial-interglacial changes in productivity are related to climate and, specifically, variability of dust fluxes which, in turn, are a function of changing atmospheric circulation patterns.
Ba concentrations on complete digestions of bulk sediment were measured by inductively-coupled plasma mass spectrometry. Sediments ranging in age from late Holocene to 140 kyr yielded bulk barium concentrations that ranged from about 305 to 670 ppm. The authigenically-derived portion of the total barium, thought to be correlated with export production, is denoted as the biogenically-derived barium (bioBa). Using accumulation rates derived by Jacobel et al. (2017) , we found bioBa accumulation rates that ranged from about 0.5 to 1.0 mg cm -2 kyr -1 . For this research, the following hypotheses were tested:
1.) BioBa fluxes (i.e., productivity) will be higher at the equatorial site, during the last glacial maximum (Marine oxygen Isotope stage 2 (MIS 2); i.e. 25 -12 kyr), than the same fluxes during the MIS 1 (i.e., 12 -0 kyr).
2.) BioBa fluxes (i.e. productivity) will be higher during glacial MIS 4 and MIS 6 than those during interglacial MIS 3 and MIS 5.
Over the past 140 kyr, there is a positive relationship between productivity and warm interglacial periods which, in turn, are anti-correlated with dust fluxes determined by Jacobel et al. (2017 
INTRODUCTION Background
Barium (Ba) concentrations in marine sediment can be used as a proxy for past ocean productivity and, therefore, in the reconstruction of past climates. In upwelling zones, sediments are characterized with high barite concentrations (Goldberg and Arrhenius, 1958) . Barium present in ocean waters is generated through precipitation within areas of decaying biogenic material. The mineral barite (BaSO4) is the main carrier of biogenically-precipitated Ba (hereafter referred to as bioBa) in sediments (Goldberg and Arrhenius, 1958; Dehairs et al., 1980; Dymond et al., 1992) . Marine barite consists of approximately 50 -100% of the total nondetrital, solid-phase Ba in the water column (Goldberg and Arrhenius, 1958) .
Ba concentrations are higher in nutrient rich waters, implying that the formation of barite is controlled by biota (Dehairs, 1980) . In addition, the association of Ba with biogenic material is inferred from Ba-rich sediments that underlie very productive surface waters (Dehairs, 1980) .
The amount of barite precipitation is highly related to the dissolution of Ba in seawater and the decomposition of organic matter (Corg). Because of its association with organic carbon, barite present in marine sediments is commonly used to understand past paleoproductivity levels (Paytan and Griffith, 2007) . In addition, barite and bioBa sediment concentrations have been used by geologists to study temporal paleoproductivity changes in the ocean (Dymond et al., 1992) , and the relationship these changes have with global climate variability.
The potential of bioBa as a proxy for productivity is significant because barite is wellpreserved in marine sediments. The ratio of Corg to bioBa decreases with depth in the water column; this is because with increased bioBa flux, there is a decrease in Corg flux. This relationship highlights the viability of barium as a paleoproductivity, and it shows the capability of bioBa to withstand geological processes such as diagenesis (unlike Corg), which may recycle material back to the water column (Rushdi et al.,2000) .
Productivity Changes and Dust Flux
The growth of phytoplankton in the oceans is intimately associated with the carbon cycle and, therefore, the CO2 content of the atmosphere and climate variability. When phytoplankton growth rates are high, there is more carbon exported to the deep sea so that CO2 levels in the atmosphere remain low.
The variability of dust flux is a function of changing atmospheric circulation patterns.
High dust fluxes have been associated with glacial time intervals (McGee et al. 2010) . Indeed, the cause of the increased dust fluxes may be related to increases in gustiness of the dust sources area, which may characterize glacial periods even at a millennial resolution (McGee et al., 2010) .
Changes in dust fluxes may play an important role in changing productivity of the oceans through time. When dust dissolves in seawater, it releases iron which is an important micronutrient for phytoplankton growth. One might expect, therefore, that when dust fluxes are high, there may be increased efficiency of the export of CO2 to the ocean bottom (because of increased productivity), where it is isolated from the surface ocean/atmospheric system. Costa et al. (2016) assert that the greater dust flux of the last glacial period was not large enough to generate significant iron fertilization and increased productivity. A similar conclusion was reached by Winckler et al. (2016) who additionally suggested that iron, rather than being provided by increased dust fluxes, may be provided to the surface ocean as a result of diffusive and advective upwelling along the equator. Thus, dust fertilization of the ocean may not contribute to the changing patterns of productivity in the Central Equatorial Pacific (CEP). These hypotheses will be further tested here.
Objectives
The main objectives of this research were to (1) use concentrations of barium in marine sediments as a proxy for past ocean export production, and to (2) determine how past glacialinterglacial changes in productivity are related to climate and, specifically, variability of dust fluxes.
For this research, the following hypotheses were tested:
1.) BioBa fluxes (i.e., productivity) will be higher at the equatorial site, during the last glacial maximum (marine oxygen isotope stage 2 (MIS 2); i.e. 25 -12 kyr), than the same fluxes during the MIS 1 (i.e., 12 -0 kyr).
2.) BioBa fluxes (i.e. productivity) will be higher during glacial MIS 4 and MIS 6 than those during interglacial MIS 3 and MIS 5. 
CHAPTER II

LOCATION
CHAPTER III METHODS
Homogenized sediment samples (~50 mg) were completely digested using a cocktail of HNO3, HF, and HClO4. Additionally, blanks and NIST standard 2702, run under the same conditions as the sediment samples, were measured as part of this study. Biogenic barium (bioBa) concentrations, defined as the fraction of total Ba not associated with terrigenous material, were estimated by subtracting the concentration of detrital barium from the total measured barium. The detrital fraction of Ba was estimated assuming that the Ba/Th ratio of the sediments is same as the Ba/Th ratio of average upper crust (51.4, i.e., 550 ppm for Ba and 10.7 ppm for Th, Taylor and McLennan, 1985) . Therefore, bioBa concentration can be derived by using equation (1) where the 232 Th concentration is given for the samples at the same depths in Jacobel et al. (2017) .
In addition, in order to understand the changes associated with the biogenic barium profile, the bioBa flux was calculated using Eq. (2): bioBa flux = (bioBa) * 230 Th-derived sediment Mass Accumulation Rate Eq. (2) where the 230 Th-derived sediment Mass Accumulation Rate is given for the same sample intervals in Jacobel et al. (2017) .
Apparatus
Equipment used for the pre-digestion, digestion and post-digestion procedures include, an analytical balance, spatula, 50 mL centrifuge tubes, fume hood, 15 mL Savillex beakers and pipette (1000 micro liters).
Acids used were perchloric acid (HClO4), nitric acid (HNO3) and hydrofluoric acid (HF).
HF and HClO4 broke down the silicates in the samples and HNO3, an oxidizing agent, promoted further dissolution.
Pre-digestion Procedure
50 mg of the core samples were measured and added to a 15 mL Savillex beaker. The walls of the beakers were rinsed with approximately 0.5 mL MQ-H2O to dissolve sample. The hot plate was heated to 170 0 C and the Savillex beakers containing the samples were placed on the hot plate.
Digestion Procedure
3 mL of HClO4 and 1 mL of HNO3 were added to the samples consecutively and was left to sit on the hot plate for approximately 40 minutes. Then, 2 mL of HF was added to the samples and left to sit for approximately 20 minutes. The aforementioned step was repeated twice. Lastly, 1 mL of HNO3 was added to the samples.
Post-Digestion Procedure
The digested samples in the Savillex beakers were transferred to pre-weighed 50 mL centrifuge tubes and filled with MQ-H2O to the 25 mL mark on the centrifuge tubes.
Concentrations of Ba in the digested samples were measured by inductively-coupled plasma mass spectrometry. Blank corrections were negligible and NIST standard 2702 was accurate to within about 5%. The oxygen isotope curve in Figure 2 (oxygen isotope data from Lynch-Stieglitz et al.,
CHAPTER IV
RESULTS
2015) was used to determine the chronology of sediments retrieved from core ML1208-17PC.
By identifying MIS boundaries, we can understand the temporal paleoproductivity changes in the ocean on a glacial-interglacial timescale.
Sediments ranging in age from late Holocene to 140 kyr yielded bulk barium concentrations that ranged from about 305 to 670 ppm. The authigenically-derived portion of the total barium, thought to be correlated with export production, is denoted as bioBa. The bioBa was estimated by subtracting the lithogenic Ba from the total Ba. Lithogenic Ba contents were calculated using thorium concentrations in the same samples (Jacobel et al., 2017) . Our results
show that the sediment samples yielded bioBa concentrations ranging from approximately 298 to 662 ppm, and bioBa flux values from approximately 0.447 to 1.068 μg cm -2 kyr -1 . The bioBa makes up greater than 97% of the total Ba. Using accumulation rates derived by Jacobel et al.
(2017), we found bioBa accumulation rates that range from about 0.5 to 1.0 mg cm -2 kyr -1 .
CHAPTER V DISCUSSION AND CONCLUSION
In the water column, the covariation of barium abundance and its associated fluxes demonstrate the influence and effects of marine biological cycles. In combination with the flux of organic carbon, bioBa fluxes present in sediment records can be used to infer and characterize paleoproductivity. As shown in Figure 2 , there is a positive relationship between productivity (bioBa flux) and warm interglacial periods. In general, productivity is lower during colder periods (MIS 2, 4, and 6) than during warmer periods (MIS 1, 3, 5) . Even within interglacial MIS 5, there is a strong precessional relationship with bioBa fluxes (i.e., bioBa flux peaks and troughs correlate with 5a-e).
Dust deposition in the central Equatorial Pacific during the last glacial period (MIS 2)
was approximately 2-3 times greater than it was during the Holocene (Jacobel et al., 2017) . High glacial dust flux has been recognized to correlate with changes in wind strength, or changes in source aridity (McGee et al. 2010) . We find no evidence for high bioBa accumulation rates during the last three glacial time periods (MIS 2, 4, and 6). Instead, we fine the highest bioBa accumulation rates during the warm interglacial periods (MIS 1, 3, and 5), times during which, there was significantly less dust being delivered to the Central Equatorial Pacific Ocean. This is the same pattern identified by Costa et al. (2016) in MIS 1 and MIS 2, although we extend the timing of this finding from 25 kyr to 140 kyr. Costa et al. (2016) believed that the changes in bioBa flux were not related to changes in dust flux because the increase in, dust flux during the last glacial period was not large enough to generate significant iron fertilization to the central Equatorial Pacific. Furthermore, the lack of a positive relationship between our bioBa flux and dust flux (Figure 2 ), suggests that nutrients like iron may be provided to the euphotic zone as a result of diffusive and advective upwelling of waters from the Equatorial Undercurrent, as asserted by Winckler et al. (2016) . Thus, dust fertilization of the ocean is apparently not contributing to the measure of productivity in the Central Equatorial Pacific (CEP), at least on Milankovitch glacial-interglacial timescales. 
APPENDIX
